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Abstract 
The Atlantic Meridional Overturning Circulation (AMOC) is part of the great ocean “conveyor belt ” that circulates heat around the globe. 
Since the early 2000s, ocean sensors have started to monitor the AMOC, but the measurements are still far from accurate and the time 
window does not permit the separation of short term variability from a longer term trend. Other works have claimed that global warming 
is slowing down the AMOC, based on models and proxies of temperatures. Some other observations demonstrate a stable circulation of 
the oceans. By using tide gauge data complementing recent satellite and ocean sensor observations, the stability of the AMOC is shown to 
go back to 1860. It is concluded that no available information has the due accuracy and time coverage to show a clear trend outside the 
inter-annual and multi-decadal variability in the direction of increasing or decreasing strength over the last decades. 
© 2016 Shanghai Jiaotong University. Published by Elsevier B.V. 
This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 
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±  1. Introduction 
The Atlantic Meridional Overturning Circulation (AMOC)
is a critical part of the Earth’s climate system transporting
heat from the tropics and Southern Hemisphere toward the
North Atlantic. The recent period of monitoring with ocean
sensors cover is very short and does not permit the separation
of short term variability from long term trends [3,13,17,4,
16,18] . 
A recent study by Rahmstorf et al. [12] claims, based on
models and proxies, that global warming is slowing down
the circulation of the ocean. They say that their computa-
tional maps of temperature patterns over the 20th century
show a significant area of cooling in the Northern Atlantic
near Greenland and suggest that this cooling may be due to a
reduction in the AMOC over the 20th century and especially
after 1970. They believe the AMOC weakness after 1975 is
an unprecedented event in the past millennium. They claim∗ Corresponding author. 
E-mail address: albertparker@y7mail.com (A. Parker). 
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2468-0133/© 2016 Shanghai Jiaotong University. Published by Elsevier B.V. This
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). hat further melting could contribute to further weakening of
he AMOC. 
The models and proxies of Rahmstorf et al. [12] predict
he overturning circulation is slowing down as the greenhouse
ases warm the planet and the melting ice adds freshwater to
he ocean, but actual observations so far as Willis [18] and
ossby et al. [13] show no signs of any slowdown in the
irculation. 
. Prior ocean circulation results 
Satellite observations of sea surface height (SSH) and
emperature, salinity and velocity from profiling buoys are
sed to estimated changes in the northward-streaming, upper
art of the AMOC at latitudes around 41 ° N [18] . The 2004
hrough 2006 mean overturning is discovered to be 15.5
2.4 Sv (10 6 m 3 /s). There is no noteworthy trend in the
verturning intensity from 2002 to 2009. Altimeter data, in
ny case, suggests an increment of 2.6 Sv since 1993, con-
istent with a North Atlantic warming over this same period.
espite significant seasonal to inter-annual oscillations, these is an open access article under the CC BY-NC-ND license 
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t  bservations show that there was no considerable weakening
f the AMOC in the past 7 years and there is no reason to
uppose the weakening could have extended to the past two
ecades. 
The stable pattern is confirmed by Rossby et al. [13]
lso based on true measurements, who say two decades of
irectly measured velocity over the Gulf Stream current show
o evidence of a diminishing circulation. They found that,
tilizing a well-constrained definition of Gulf Stream width,
he mean surface layer transport is 1.35 × 10 5 m 2 /s, while
he yearly reduction is computed at only 0.13%. Accounting
or geostrophic effects translates in to a mean cross-stream
ea level difference of 1.17 m with sea level diminishing
.03 m over the 20 year period considered. This number is not
ignificant at the 95% uncertainty level, and it is also about 2
o 4 times less than that alleged from the apparent “hotspot”
f accelerated sea-level rise on the Atlantic coast of North
merica of Sallenger, Doran & Howd [14] , shown in Parker
6,7] to be the upward motion of a multi-decadal oscillation.
Fig. 1 presents (a) the 2002 to 2014 combined SSH-Argo
stimate of the 41 º N AMOC calculated from a combination
f satellite altimetry and Argo data as described in Willis [18] ,
AMOC S-A hereafter), plus (b) the 2002 to 2014 AMOC SSH
nly (AMOC SSH hereafter) that is based on only satellite al-
imeter data and regression coefficients, as described in Willis
18] , (c) a comparison of the two results and (d) the AMOC
SH only 1993 to 2015. The data has been downloaded from
PL [2] . 
The overturning is defined as the sum of 0–1130 m
eostrophic and Ekman transports. All the time series rep-
esent three-months running averages. The uncertainty in the
SH-Argo estimate is computed in a single 3-months aver-
ge time step. The uncertainty in the SSH only estimate is
n average value estimated over the entire time period. This
ncertainty is only a guideline, and for periods earlier than
002 systematic errors may be larger due to the lack of pro-
le and subsurface drift data during that period. A com-
lete description of the estimation procedure is available
rom the articles Willis [18] , Willis & Fu [17] , Hobbs &
illis [3] . 
The trend since 2002 is slightly negative for the SSH-
rgo result, with a clear downtrend since 2005, Fig. 1. a.
his trend is confirmed by the SSH only result over the
ame period, Fig. 1. b and c. The trend of the SSH only re-
ult is however positive since the start of the satellite era
n 1993. The AMOC appears relatively stable and free of
ny reducing trend. The SSH-Argo AMOC has a linear trend
f slope –8.7990 • 10 -2 Sv/year over the short time window
ince 2002. The linear trend of the SSH only AMOC has
n even more negative slope of –16.087 • 10 -2 Sv/year over
he short time window since 2002. However, the linear trend
f the SSH only AMOC since 1993 has a positive slope
f + 3.3174E • 10 -2 Sv/year. There is clearly a growing SSH
nly AMOC until about mid-2005 and a reducing SSH only
MOC afterwards as indicated by the 12 months moving av-
rage of the values averaged over 3 months, i.e. the 36 months
oving average. . A novel amoc parameter 
Very likely, the AMOC is subject to significant variabil-
ty with, in addition to seasonal and inter-annual variation,
ulti-decadal variability that the limited amount of data does
ot permit us to clarify further. This should not be a sur-
rise as up to quasi-60 years’ oscillations have been shown in
he Arctic temperatures and sea ice extent [10] similar to the
lobal and local temperatures and sea levels on the worldwide
cale [6,7,15] . The spectrum analysis of the surface temper-
ture records for 11 geographical regions of Schlesinger &
amankutty [15] exhibited a 65 to 70 years oscillation orig-
nating from the 50 to 88 years oscillations for the North
tlantic Ocean and the bounding Northern Hemisphere con-
inents. 
The AMOC SSH result is only available since 1993, but
imilar information may be inferred from the monthly av-
rage relative mean sea levels (MSL) measured by the tide
auges along the North Atlantic coast of the United States
nd Europe. We select the tide gauge of The Battery (NY) in
he United States recording since 1856 and the Brest tide
auge in Europe, recording since 1807. Both tide gauges
ave significant gaps, especially in the distant past, that are
lled by using a sine and line interpolation of the mea-
ured data. The measured MSL have been downloaded from
SMSL [11] . 
As the relative MSL measured by a tide gauge suffers from
ocal factor including but not limited to the differential subsi-
ence at the tide gauge, with linear trends of + 2.83 mm/year
omputed for The Battery (NY) and + 1.05 mm/year com-
uted for Brest, the MSL values are first de-trended. Then,
he difference in between the MSL oscillations about the lin-
ar trend in the two tide gauges, MSL, is computed. To
ake the result comparable with the AMOC SSH only, the
ime steps are 3-months means, and not monthly means, with
he month of the time coordinate taken as the central month
f the 3-months mean. Finally, the results for the MSL and
he AMOC SSH only are non-dimensionalised by using the
aximum and minimum values over the time window. This
ermits us to compare the MSL oscillations between The Bat-
ery (NY) and Brest with the AMOC SSH only over the time
indow January 1993 to December 2013. 
Fig. 2 presents the values of the AMOC SSH Only plus the
implified AMOC, AMOC MSL hereafter, defined as follows: 
MO C MSL = AM OC S S H Mn + 
(
AM OC S S H Mx − AM OC S S H Mn 
)
· (  MSL−  MS L Mn ) 
(  MS L Mx −  MS L Mn ) , 
ver the time window 1993 to 2014 in (a) and since 1856
n (b). This AMOC MSL based on the tide gauge readings in
he Battery (NY) and Brest is relatively close to the AMOC
SH only of JPL [2] over the time window 1993 to 2014
epeating peaks and valleys of the oscillations as well as the
rend. Therefore, as the tide gauge data available for The
attery (NY) and Brest cover the MSL since 1856, it is
ossible to compute the extended AMOC MSL of (c) for more
han 150 years. In (c) are the periodograms of the monthly
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Fig. 1. (a) Combined SSH-Argo estimate of the AMOC calculated since 2002 from a combination of satellite altimetry and Argo data as described in Willis 
[18] (AMOC S-A). This overturning is defined as the sum of 0–1130 m geostrophic and Ekman transports. The trend 2002 to 2014 is negative, with a 
more significant reduction occurring since 2005. (b) AMOC that is based on ONLY satellite altimeter data and regression coefficients as described in Willis 
[18] (AMOC SSH) over the same time window. The trend is about the same. (c) Comparison of the two AMOC over the time window 2002 to 2014. The 
differences are minimal. (d) AMOC that is based on ONLY satellite altimeter data and regression coefficients over the longer satellite time window 1993 
to 2015. Over the longer time window, the trend is opposed, as this AMOC increased more during the first growing phase than reduced during the second 
decreasing phase. All the time series represent three-months running averages. Data is from JPL [2] . 
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a  average mean sea levels measured in the tide gauges of The
Battery (NY) and Brest, while in (d) is the periodogram of
the AMOC MSL . 
Over the time window 1856 to 2014, the AMOC MSL has
a reducing trend of –0.82 • 10 -2 Sv/year. However, over the
time window 1910 to 2014, the trend of the AMOC MSL is
an opposite growing trend of + 0.24 • 10 -2 Sv/year. There is
therefore no sign of any weakening of the AMOC during the
20th century or during the last few decades, but only over-ll stability with substantial seasonal, inter-annual and multi-
ecadal variability as expected. The AMOC MSL drastically re-
uces over the last 10 years, but this is only the effect of
he multi-decadal variability, as similar phases of reductions
here previously experienced always followed by phases of
ncrements. 
As shown in (c) and (d) the Fast Fourier Transform (FFT)
f the de-trended MSL of The Battery (NY) and Brest returns
 graph of amplitude vs. period with clear multi-decadal
A. Parker, C.D. Ollier / Journal of Ocean Engineering and Science 1 (2016) 30–35 33 
Fig. 2. (a) Values of the AMOCSSH and the AMOCMSL over the time window 1993 to 2014. (b) Extended AMOCMSL spanning more than 150 years. The 
AMOCSSH and the AMOCMSL well correlate each other. Over the time window 1856 to 2014, the AMOCMSL has a reducing trend of –0.82 • 10 -2 Sv/year. 
Over the time window 1910 to 2014, the trend of the AMOCMSL is opposite of growing + 0.24 • 10 -2 Sv/year. The AMOCMSL drastically reduces over the 
last 10 years, but this is only the effect of the variability. This result demonstrates the significant stability of the AMOC merely subject to significant seasonal, 
inter-annual and multi-decadal variability. The AMOCMSL result exhibits a significant similarity in terms of positive and negative phases with the global 
temperature reconstructions as GISS temp. (c) Amplitude vs. period from the Fast Fourier Transform (FFT) of the detrended MSL of The Battery (NY) and 
Brest. (d) Amplitude vs. period from the Fast Fourier Transform (FFT) of the AMOCMSL. A quasi 60-years oscillation is evident in all the time series. 
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veriodicities of 13.2, 15.8, 22.6 and 52.7 years for The
attery (NY) and of 17.3, 29.6 and 68.9 years for Brest.
he FFT of the AMOC MSL returns a graph of amplitude vs.
eriod with clear multi-decadal periodicities of 13.1, 17.5,
6.3, 39.5 and 78.6 years. This result is perfectly consistent
ith the 50 to 88 years oscillations for the North Atlantic
cean and the bounding Northern Hemisphere continents of
chlesinger & Ramankutty [15] . 
As a rebuttal of the recent Rahmstorf et al. [12] in which
he authors used proxy reconstructions and models to claimhat the AMOC strength had a significant decline in the late
0th century that was unprecedented over the last millennium,
he proposed coupled lines of evidence, the lack of trends in
he direct AMOC observations at 41 °N over the last 10 years
f Willis [18] , the lack of trend in the SSH-only reconstruc-
ion of AMOC strength at 41 °N of Willis [18] , and our own
econstruction based on data from two tide gauges as a proxy,
ather suggest the significant stability of the AMOC merely
ubject to significant seasonal, inter-annual and multi-decadal
ariability. 
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p  4. Discussion 
The latest satellite and ARGO based AMOC result shows
a particularly reduced strength of the circulation over a pe-
riod of a few months from the end of 2009 to the begin-
ning of 2010. There is a similar low in the mooring ar-
ray based RAPID [4] time series monitoring the AMOC at
26 °N. 
In this latter result, the Florida Straits transport is based
on electromagnetic cable measurements, Ekman transport is
based on winds. The upper mid-ocean transport is the vertical
integral of the transport per unit depth down to the deepest
northward velocity ( ∼1100 m) on each day. This overturn-
ing transport is then the sum of the Florida Straits, Ekman,
and upper mid-ocean transports and represents the maximum
northward transport of upper-layer waters on each day. The
RAPID array across the Atlantic has now observed the 26 °N
AMOC continuously for 10 years revealing about the same
natural variability as the 41 ºN result. The low AMOC event
in 2009–10 that coincided with a cold winter in Europe was
probably just variability. According to McCarthy et al. [4]
the cause of the weakening was not only an anomalous event
driven by the wind from December 2009 to March 2010,
but also a consolidation of the geostrophic flow. While the
southward flow in the upper 1100 m strengthened, the bot-
tom southward return transport declined, particularly in the
deepest layer from 3000–5000 m. The AMOC MSL of Fig. 2
does not support the existence of a very low AMOC around
2010 with a much deeper valley occurring in 2001. 
The 41 º N or the 26 º N measurements are certainly the
most accurate estimations of the AMOC strength. However,
they have still to be proved to be accurate. This is like many
other monitoring projects that suffer from arbitrary assump-
tions, with inaccuracies strongly downplayed. An example is
the case of the satellite altimeter computation of the global
mean sea level returning a + 3.2 mm/year trend after correc-
tion of an otherwise noisy signal with no trend. This conflicts
with the naïve average of the worldwide tide gauge records
which show much smaller rates of rise without any accel-
eration [8] . The ARGO measure of the ocean temperatures
also suffers from corrections [9] including the removal of the
measurements from probes returning too cold temperatures
but not removing those considered too hot. Therefore, we
must accept that fact that the indices and analyses proposed
so far all suffer from accuracy errors basically not assessed,
apart from being limited in some cases to only a few years
describing a phenomenon that may be understood only having
many decades of data. 
The work of Rahmstorf et al. [12] claims that a cold spot
south of Greenland is caused by melt water from Greenland
and it is used as evidence of a slowed circulation. But their
simulations show a second cooling patch in central Africa.
Since this latter result does not support their narrative, they
attribute this cooling to the poor data coverage for Africa, an
artifact of data non homogeneities. This different attribution
of value to two results of the same computation is entirely
arbitrary. The cold spot perceived by Rahmstorf et al. [12] south
f the Greenland, if real, is probably the effect of the At-
antic Multi-decadal Oscillation (AMO) cooling down after a
ositive warming peak. The AMO time series NOAA [5] ,
n index function of the North Atlantic temperatures, clearly
hows multi-decadal periods when the record is prevalently
ositive (warm phase) and multi-decadal periods when the
ecord is prevalently negative (cool phase). The AMO has a
ycle length of about 70 years with a warm phase and a cold
hase. The current stage is a warm stage that started about
995 and is moving to the cool stage that should start about
030. There is also a recovery of the Atlantic part of the
rctic sea ice and some cooling in Greenland, where the ice
ass seems to increase so far above the 1990–2011 mean [1] .
he changes in the overturning strength are part of a natu-
al cycle, coinciding with a decades-long natural pattern of
tlantic heating and cooling. 
If the AMOC reduces, then less heat is conveyed to Green-
and, and then less ice is melted there. This is a stabilizing
ather than a non-stabilizing factor because a reduction of the
MOC would translate in a reduction of the ice melting of
reenland that is claimed by Rahmstorf et al. [12] to slow
own the AMOC. 
A recent paper [16] has proposed a robust declining trend
n the RAPID AMOC circulation over the last 10 years at
6 °N. The AMOC chapter of the upcoming BAMS “State
f the Climate 2014 ” report will also show a decline at 41
N. As climate indices are characterized by particularly strong
nter-annual and multi-decadal variability [15] the last decade
f data is not a time window long enough to infer any trend,
nd as Fig. 2 shows, similar oscillations in positive or negative
ave been previously experienced for the AMOC MSL . 
Data obtained from techniques still in their infancy and
imited to very short time windows must be integrated with
ther information to become meaningful. Our evidence is
ot made from one line of evidence, but the integration
f three lines. The three lines suggest significant inter-
nnual multi-decadal variability, with the AMOC likely re-
ucing trend of –0.82 • 10 -2 Sv/year 1856 to present, growing
 0.24 • 10 –2 Sv/year 1910 to present, and then strongly reduc-
ng -4.56 • 10 –2 Sv/year over the last decade only because of
atural variability. 
The observations of constant Gulf Stream surface flow of
ossby et al. [13] are assumed in this manuscript to represent
 generally constant global circulation, not a specifically con-
tant AMOC. The analysis of Smeed et al. [16] also suggests
hat the Gulf Stream has not changed significantly over the
ast 10 years. 
The AMOC MSL of Fig. 2 has a significant similarity with
he global temperature reconstructions as GISS Temp showing
n oscillation about a warming trend 1910 to present with
ositive phases 1910 to 1940 and 1970 to 2000 coupled to
egative phases 1940 to 1970 and 2000 to present. 
The SSH-only reconstruction Willis [18] of AMOC vari-
bility barely overlaps with the 1970–1995 slowdown reported
y Rahmstorf et al. [12] . Conversely, the AMOC MSL result
roposed here that is perfectly consistent with the SSH-only
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[econstruction Willis [18] over two decades of this result may
ertainly serve to support a pattern opposite to Rahmstorf et
l. [12] . 
The use of tide gauge data for a century scale recon-
truction of AMOC variability may certainly be further re-
ned. The tide gauges of The Battery (NY) and Brest are
he longest tide gauges from the western and eastern north
tlantic. While other tide gauges may certainly be added on
oth sides of the Atlantic, it must be remarked that the stack-
ng of tide gauges of different length and subsidence may be
isleading. 
In the procedure to compute the AMOC MSL , the MSL data
or The Battery (NY) and Brest are de-trended to show the
SL changes cleared of the tide gauge subsidence. The lin-
ar trend at each tide gauge is certainly not fully explained
y subsidence. What is removed by the de-trending is not
nly subsidence but the linear trend. It is our assumption
hat the difference in between the MSL oscillations about the
inear trend in Battery (NY) and Brest is correlated to the
MOC SSH . This assumption is proven correct by the com-
arison of Fig. 2. The de-trending is essential to produce a
ealistic result. 
. Conclusions 
Every approach proposed so far for the AMOC has in-
ices that may or may not represent the long term trend in
he AMOC depurated of the variability. Every approach inter-
rets changes in the indices as supporting either no AMOC
lowdown or a clear evidence for a slowdown. Either may be
ight or wrong, but they cannot both be right. Here we argue
hat there is no unquestionable evidence of any change in the
MOC signal if not variability. 
The long-term sea level variations along the east coast of
orth America appear to be different north and south of Cape
atteras. And the differences in north-south sea level change
an be argued to reflect changes in the AMOC which then
djust the sea surface temperature (SST) patterns that make
p the Atlantic Multi Decadal Oscillation (AMO). A stronger
MOC should lead to warmer temperatures in the Atlantic
arking a positive AMO so the AMOC and AMO should
e linked. Long-term AMO oscillations then argue for an os-
illating AMOC over the past 50 years without a long-term
rend. 
There is no reliable measure of the AMOC direct or based
n proxies that covers a sufficient time window to show alear trend beyond inter-annual and multi-decadal variability.
laims of strengthening or reducing of the AMOC are there-
ore pure speculation 
. Significance 
Our paper discusses the limits of all the indices and stud-
es proposed so far for the AMOC, also introducing a novel
ong term index based on tide gauge results that is integrated
ith the recent satellite observations of sea surface height and
emperature, salinity and velocity from profiling buoys. The
aper concludes that there is no undoubtable evidence of a
eakening or strengthening of the AMOC, as no index re-
urns an accurate measure of the AMOC strength over a time
indow long enough to clear the longer term trend of the
ulti-decadal variability. The most likely pattern is oscillatory
bout a longer term trend not sufficiently well delineated. 
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